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Abstract 
The aim of this work was to find out the carbon dioxide (CO2) gas solubility in 20 wt. % aqueous piperazine (PZ) solution. For this purpose, 
SOLTEQ BP 22 solubility cell was used and experiments were conducted at temperatures (313.15 and 333.15) K by varying the pressure of 
CO2 from 2 to 10 bar. The experimental results of solubility (mol CO2/mol PZ) revealed that the solubility decreased with increase in 
temperature and increased with increase in pressure. Further the potential of piperazine as CO2 absorbent was identified by comparing its 
experimental solubility data with 20 wt. % 2-Amino-2-hydroxymethyl-1,3-propanediol (AHPD) solution over a certain range of pressure and at 
same temperature. The results showed that AHPD has higher loading capacity than PZ up to 8 bar pressure, but for higher pressure PZ has 
more CO2 loading capacity than AHPD. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICPEAM 2016.  
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1. Introduction 
Greenhouse gases are considered as a major source for global warming of the earth. Among the greenhouse gases, carbon 
dioxide (CO2) gas is the highest contributor towards global warming and its absorption in the atmosphere is continuously 
affecting the heat balance of earth. Power generation sectors based on natural gas combustion emit high amount of CO2 gas into 
the atmosphere. The control over such CO2 emission may reduce the global warming and the separated and purified CO2 can be 
utilized for other industrial and safety applications. In the last few decades, much development has been done for capturing of 
CO2 gas [1]. In this regard, different techniques are adopted, including absorption, membrane separation, adsorption and 
cryogenic separation [2-4]. The CO2 separation by absorption is the most commercialized method and mostly chemical 
absorption is in practice than physical absorption. The CO2 absorption is either carried out by the alkaline salts such as potassium 
carbonate/sodium carbonate or alkanol amines such as MEA, DEA, MDEA and some hindered amines [5]. MEA (primary 
amine) and DEA (secondary amine) are in good demand from a long time due to their high reactivity and low cost, but low 
loading of these amines developed interest to think about new amines/solvents which may have a batter loading capacity of CO2 
gas. Similarly, investigations on the MDEA (tertiary amine) revealed that it has some benefits over DEA and MEA i.e. low 
energy consumption and high loading capacity with some facts of low reactivity to CO2 [6]. Hindered amines also improved the 
CO2 capturing process up to a certain level in terms of loading and reactivity [7]. In the interest of better CO2 capture, many other 
amines/solvents are under investigation. Piperazine (PZ) is a secondary amine, which is under investigation for CO2 capturing 
process separately as well as with other amines [8]. It may be a good approach for CO2 absorption process therefore, its solubility 
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study is essential. In the present work, the potential of PZ is investigated for CO2 capture in terms of solubility measurements at 
various temperatures and pressures. 
 
Nomenclature 
AHPD  2-Amino-2-hydroxymethyl-1,3-propanediol 
CO2  Carbon dioxide 
DEA  Diethanolamine 
GHG  Green House Gases 
MDEA  Methyldiethanolamine 
MEA  Monoethanolamine 
N2  Nitrogen 
nlCO2  Moles of CO2 in liquid phase 
nPZ  Moles of piperazine 
α  Solubility 
2. Experimental 
2.1 Materials 
Piperazine (≥ 99 %) was obtained from Merck and was used without further purification. CO2 and N2 gases (≥ 99.9 %) were 
obtained from Malaysian Oxygen Berhad. The 20 wt. % aqueous solution of piperazine was prepared by using bidistilled water. 
2.2 Measurement of Solubility 
Pressure drop method was adopted for the measurement of CO2 solubility in 20 wt. % aqueous PZ solution. The equipment 
details of solubility cell and procedure can be found in our previous work [4]. Nitrogen gas was used as a purging source gas for 
each run of experiment. Initially the CO2 gas was maintained at operating pressure of 2 to 10 bar by using a gas booster and 
temperatures (313.15 and 333.15 K) in mixing vessel. A fixed volume of aqueous PZ solution was placed in equilibrium cell at 
temperatures (313.15 and 333.15 K) and temperature of mixing and equilibrium vessels were kept constant by using a 
thermostatic water circulation system with ± 0.1 K temperature accuracy. After transferring the gas from mixing vessel to 
equilibrium cell, the pressure drop was noted until it showed a constant equilibrium pressure of CO2 in equilibrium cell. The 
solubility (mol CO2/mol PZ) was calculated by the given equation 1 [4]. 
Ƚ ൌ ୬ిోమ
ౢ
୬ౌౖ
      (1) 
Where Ƚ stands for solubility, େ୓మ୪  for CO2 represents CO2 moles in liquid phase and ୔୞ for moles of PZ. 
3. Results and Discussion 
The CO2 solubilities were determined in 20 wt. % aqueous PZ solution at the temperatures (313.15 and 333.15) K by varying 
pressure from 2 to 10 bar and the experimental results are shown in Table 1.  
Table 1. Solubilities (mol CO2/mol PZ) at various Temperatures and Pressures. 
P (bar) 313.15 K 
(ߙሻ 
333.15 K 
(ߙሻ 
2.60 0.11 0.10 
4.75 0.42 0.38 
6.34 0.65 0.62 
8.53 1.02 0.90 
10.22 1.33 1.17 
 
From experimental results, it was seen that CO2 loading for the aqueous solution of PZ decreases with an increase in 
temperature and increases with an increase in pressure. The similar trends with respect to temperature and pressure have been 
reported in the literature for other amines [9]. With increase in pressure, molecules of CO2 gas have more chances to strike and 
absorb into the solution and thus shift the equilibrium to a new level. Similarly, increases in temperature results in high hydrogen 
bonding due to tight grouping of gas molecules, hence resulting in low CO2 absorption. Many evidences are seen in literature 
which mentioned that CO2 has low solubility in water [10]. On the basis of these facts, CO2 solubility in the present work may be 
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considered mainly due to PZ. The solubility data of aqueous PZ was compared with aqueous AHPD which can be seen in Figure 
1. 
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Figure 1. Solubility of CO2 in aqueous solutions of: ▼, 20 wt. % PZ and ▲, 20 wt. % AHPD at various pressures and 333.15 K.  
It was seen that AHPD has a higher loading capacity than PZ up to 8 bar, but at higher pressure PZ showed much better CO2 
loading than AHPD. The reason might be the easy penetration of gas molecules into the PZ solution at higher pressure, thus they 
occupied more space. 
4. Conclusion 
The experiments were conducted at various temperatures and pressures to study the solubility of CO2 in aqueous PZ solution. 
The results revealed that increase in pressure favoured the solubility and it increased with increase in pressure. While the increase 
in temperature had a negative influence on solubility and it decreased with increase in temperature. PZ has good CO2 loading 
capacity, which is more prominent at high pressure and low temperature.  
Acknowledgements 
I would like to thank Universiti Teknologi PETRONAS for the Graduate Assistantship and Technical Support. 
References 
[1] H. Yang, Z. Xu, M. Fan, R. Gupta, R. B. Slimane, A. E. Bland, I. Wright, Progress in carbon dioxide separation and capture: A review, J. Environ. Sci. 20 
(2008) 14–27. 
[2] S. Park, B. Min, J. Lee, S. Nam, Absorption characteristic of continuous CO2 absorption process, Prepr. Pap.-Am. Chem. Soc. Div. Fuel Chem. 49 (1) (2004) 
249–250. 
[3] D. M. D’Alessandro, B. Smit, J. R. Long, Carbon dioxide capture: prospects for new materials, Angew. Chem. Int. Ed. 49 (2010) 6058–82. 
[4] R. Safdar, A. A. Omar, L. B. Ismail, B. Lal, Solubility of CO2 in an aqueous ammonium based ionic liquid, App. Mech. Materials 625 (2014) 549-552. 
[5] R. Safdar, A. A. Omar, L. B. Ismail, A. Bari, B. Lal, Measurement and correlation of physical properties of aqueous solutions of tetrabutylammonium 
hydroxide, piperazine and their aqueous blends, Chin. J. Chem. Eng. 23 (2015) 1811-1818. 
[6] S. Van Loo, E. P. Van Elk, G. F. Versteeg, The removal of carbon dioxide with activated solutions of methyl-diethanol-amine, J. Petrol. Sci. Eng. 55 (2007) 
135–145. 
[7] B. P. Mandal, A. K. Biswas, S. S. Bandyopadhyay, Absorption of carbon dioxide into aqueous blends of 2 -amino-2-methyl-1-propanol and diethanolamine, 
Chem. Eng. Sci. 58 (2003) 4137–4144. 
[8] G. Rochelle, E. Chen, S. Freeman, D. Van Wagener, Q. Xu, A. Voice, Aqueous piperazine as the new standard for CO2 capture technology, Chem. Eng. J. 
l71 (2011) 725–733. 
[9] B. P. Mandal, A. K. Biswas, S. S. Bandyopadhyay, Absorption of carbon dioxide into aqueous blends of 2-amino-2-methyl-1-propanol and diethanolamine. 
Chem. Eng. Sci. 58(18) (2003) 4137-4144. 
[10] W. S. Dodds, L. F Stutzman, B. J. Sollami, Carbon dioxide solubility in water. Ind. Eng. Chem. Chem. Eng. Data Series 1(1) (1956) 92-95. 
 
